Background Use of short-acting anesthetic agents such as propofol and desflurane allows rapid awakening and prompt neurological assessment of patients undergoing endoscopic transnasal transsphenoidal resection of pituitary tumors. However, there are no studies comparing the effect of these two agents in these patients. We performed this study to compare the intraoperative hemodynamics and postoperative recovery characteristics of patients undergoing endoscopic transnasal transsphenoidal (TNTS) pituitary tumor surgery using bispectral index (BIS)-guided administration of desflurane and propofol. Materials and Methods In this prospective, randomized trial, 60 patients undergoing endoscopic TNTS pituitary surgery were randomized to receive BIS-guided administration of either propofol (Group P) or desflurane (Group D) for the maintenance of anesthesia. Heart rate (HR), mean arterial pressure (MAP), intraoperative complications, time to emergence, extubation, cognition, and modified Aldrete score were evaluated. Statistical analysis was performed using STATA 12.0 (College Station; Texas, United States). Categorical and continuous variables were compared between the groups using Fisher's exact test and t-test, respectively. Emergence from anesthesia and hemodynamics at various stages of surgery was compared between the groups using Wilcoxon rank sum test. The p-value < 0.05 was considered statistically significant. Results The HR was significantly higher at all stages of surgery in group P (p = 0.01). MAP was comparable between the groups at various time points (p > 0.05). Both emergence time (8.5 vs. 15 minutes; p < 0.00) and extubation time (10 vs. 17.5 minutes; p < 0.00) were significantly shorter in Group D compared with Group P. Modified Aldrete score at 5 and 10 minutes after extubation was higher with desflurane than propofol, but early cognition was comparable between the two groups. Conclusion The hemodynamics and early cognition score were comparable in patients receiving propofol or desflurane. Desflurane provides rapid emergence and recovery when compared with propofol. Trial registration Registered at clinicaltrials.nic.in (CTRI/2017/11/010470).
Introduction
Availability of minimally invasive surgical techniques in neurosurgery has increased the emphasis on quick recovery from anesthesia, early postoperative neurological assessment, and early ambulation. Both inhalational and intravenous agents have been used for anesthesia in neurosurgical patients. [1] [2] [3] However, neither is clearly superior to other under most circumstances. Endoscopic pituitary surgery is a short surgery and quick recovery from anesthesia is desirable. However, patients with acromegalic and cushingoid features are prone to postoperative airway complications. 4, 5 Further, insertion of nasal pack at the end of the procedure requires patients to breathe through mouth. Hence, these patients must be fully awake and cooperative at the time of tracheal extubation. Use of short-acting anesthetic agents such as propofol and desflurane allows rapid awakening for early neurological assessment. 6, 7 This is useful in avoiding airway complications in postoperative period in these patients. Earlier, comparative trials of propofol with sevoflurane have shown mixed results. 8, 9 Studies comparing propofol and desflurane anesthesia in patients undergoing pituitary surgery are lacking. There is evidence that bispectral index (BIS)-guided techniques ensure reduced recovery time over standard clinical practice. 10 We performed this study to compare intraoperative hemodynamics and postoperative recovery characteristics in patients undergoing endoscopic TNTS pituitary tumor surgery using BIS-guided administration of desflurane and propofol. We hypothesized that desflurane will result in earlier emergence from anesthesia as compared with propofol. Our primary outcome measures were to compare hemodynamics and emergence from anesthesia between propofol and desflurane. The secondary outcome measures were to compare the modified Aldrete score and modified version of short orientation memory concentration test.
Materials and Methods
This prospective, randomized study was approved by the Institute Research Ethics Committee and was registered at clinicaltrials.nic.in (CTRI/2017/11/010470). Written informed consent for participation in the study was obtained from all patients. We enrolled 60 patients aged between 18 and 65 years of either gender and American Society of Anesthesiologists (ASA) physical status I and II scheduled to undergo endoscopic TNTS resection of pituitary tumor, from October 2015 to June 2017. We excluded patients with history of previous pituitary surgery, patients with psychiatric disorder, history of drug abuse, poorly controlled hypertension, ischemic heart disease, pituitary apoplexy, and history of allergy to any of the planned anesthetic medications for the study.
All patients underwent a preanesthetic checkup that included complete history and physical examination and relevant investigations. Regular medications for any comorbid illness, if any, were continued till the day of surgery and no other sedative premedication was given to any of the patients. Demographics, tumor characteristics, presenting symptoms, and comorbidities were noted for all the patients. In the operating room, standard monitors for electrocardiogram, noninvasive blood pressure, and pulse oximeter were attached prior to induction of anesthesia. BIS sensors (BIS Quatro sensor, Covidien, Mansfield, MA) were applied on the patient's forehead according to manufacturer's instructions. BIS values were recorded only when the signal quality index was > 50% and electromyography value < 30.
Patients were randomized using computer-generated sequence of numbers and were allocated using opaque sealed envelopes, by an investigator not involved in intraoperative care to one of the two groups; Group D: anesthesia was maintained with desflurane in oxygen:nitrous oxide mixture (2:1) ratio with flow rate of 2 L/min, Group P: anesthesia was maintained with propofol infusion at 6 to 12 mg/kg/h along with oxygen:nitrous oxide mixture (1:2) ratio with flow rate of 2 L/min. Baseline values of heart rate (HR) and mean arterial pressure (MAP) were calculated as the mean of three measurements taken before induction. All the patients were preoxygenated with 100% oxygen for 3 minutes before induction. General anesthesia was induced with fentanyl 2 µg/kg and propofol 2 to 2.5 mg/kg intravenously (IV) till loss of verbal contact. Tracheal intubation was facilitated using rocuronium 1 mg/kg. After tracheal intubation, mechanical ventilation was initiated and adjusted to achieve a PaCO 2 between 35 and 40 mm Hg. An additional bolus dose of fentanyl 1 µg/kg was given just before skull pin insertion. Pin insertion sites were also infiltrated with 2% lignocaine. Anesthesia was maintained with desflurane in Group D and propofol in Group P along with nitrous oxide and oxygen mixture (2:1) (Datex Ohmeda S/5 Advance Datex-Ohmeda Division; Instrumentarium Corp. Helsinki, Finland) in both the groups. BIS was used to guide the administration of desflurane or propofol. The target range of BIS during maintenance was 40 to 50. Local anesthesia of nose was obtained in all patients by placing pledgets soaked in 10 mL of 2% lignocaine with adrenaline (1:100,000). Body temperature was monitored using skin temperature probe and maintained between 35 and 36°C with a convective device blanket. Fentanyl 1 µg/kg was administered hourly till surgical hemostasis was achieved after tumor excision. Rocuronium was given 0.2 mg/kg every 30 minutes to maintain neuromuscular relaxation.
Heart rate values > 25% of baseline were counted as tachycardia and those < 25% of baseline was counted as bradycardia. It was managed by the attending anesthesiologist as per standard anesthesia protocol. MAP was maintained within 25% of baseline. MAP value > 25% of baseline was counted as hypertension and MAP value < 25% of baseline was counted as hypotension, respectively. Hypotension or hypertension lasting for more than a minute was treated with bolus of ephedrine and esmolol, respectively. The hemodynamic variables and BIS were noted during various stages of the surgery: (1) before and after intubation (preintubation and postintubation-maximum rise within 3 minutes of tracheal intubation, (2) At the time of three pin insertion (maximum rise), (3) before and after nasal packing of saline swabs soaked in adrenaline (prenasal packing and postnasal packing-maximum rise within 3 minutes), (4) at the time of sphenoid bone and sellar ridge dissection (maximum rise), and (5) after extubation-maximum rise within 3 minutes of tracheal extubation.
Anesthetic agent (desflurane or propofol) and nitrous oxide were discontinued at removal of the endoscope by the surgeon. All patients received paracetamol 15 mg/kg i.v. and ondansetron 0.1 mg/kg i.v. Neuromuscular block was reversed with neostigmine 0.06 mg/kg and glycopyrrolate 0.01 mg/kg. Trachea was extubated after patient obeyed verbal commands, demonstrated purposeful movement, and had adequate spontaneous breathing (with tidal volume of at least 4 mL/kg). Emergence time was measured as the time between anesthetic discontinuation and the time at which patient opened his/her eyes spontaneously or on verbal commands. Extubation time was measured as the time elapsing from anesthetic discontinuation and extubation. Duration of anesthesia was defined as the time from induction to discontinuation of propofol or desflurane. Duration of surgery was measured from the time of insertion of the endoscope to its removal after the surgery. Recovery characteristics were assessed with a modified Aldrete score (0-10) at 5 and 10 minutes after tracheal extubation. 11 A physician blinded to the regimen evaluated cognition for all patients preoperatively, at 5 and 10 minutes, after extubation using a modified self-devised questionnaire of short orientation memory concentration test in a language understood by the patient. 12 Following questions were asked: (1) What date is it today? (2) What is the current year? (3) Where are you at present? (4) Count numbers 1 to 10. (5) Count reverse numbers from 10 to 1. If the subjects were able to recall and count with minimal mistakes (1 to 3), cognition was regarded as good, with more than three errors as fair and if they were not able to recall at all, it was regarded as poor.
Sample Size Calculation
Based on a similar study, where authors found the emergence time with propofol to be 5.3 ± 1.5 minutes, 9 we hypothesized that desflurane should have a shorter emergence time by 2 minutes. Based on this assumption, we required 12 patients in each group for 80% power of the study. To compensate for possible drop-outs and exclusion because of some complications, we aimed to enroll 30 patients in each group.
Statistical Analysis
Statistical analysis was performed using STATA 12.0 (College Station; Texas, United States). Data were presented as number (percentage) or mean (standard deviation)/median (minimum-maximum) as appropriate. Baseline categorical variables and continuous variables were compared between the groups using chi-squared test/Fisher's exact test and t-test for independent samples, respectively. The primary outcomes, emergence from anesthesia, and hemodynamics at various stages of surgery were compared between the groups using Wilcoxon rank sum test. The hemodynamic parameters, HR, and MAP were compared between the groups over a period of time using generalized estimating equation since the observations were related. Modified version of short orientation memory concentration test was compared between the groups using Fisher's exact test and within the group at different time points using McNemar's test. The p-value < 0.05 was considered statistically significant.
Results
Out of 134 patients assessed for eligibility over a period of 2 years, 60 patients were enrolled and randomly allocated to the two groups: Group P and Group D comprising 30 patients each (►Fig. 1). The demographic profile of patients in the two groups is summarized in ►Table 1. The two groups were comparable with respect to age, gender, weight, ASA physical status, tumor size, and type of adenoma (functioning/ The recovery profile and early cognition of patients in both groups are summarized in ►Table 4. Two patients in Group P were excluded from statistical analysis as they were electively ventilated after surgery due to surgeon request and major intraoperative blood loss, respectively. The number of patients with good cognition was higher in Group D than in Group P (24 vs. 16). Within Group P, there was significant difference in cognition at 5 and 10 minutes when compared with preoperative cognition (p < 0.001). Similarly, within Group D, there was significant difference in cognition at 5 (p = 0.01) and 10 minutes (p = 0.03) when compared with preoperative cognition.
Discussion
We found both propofol and desflurane comparable in their ability to blunt sympathetic responses during transnasal transsphenoidal pituitary surgery except at extubation, for which propofol maintained better hemodynamic stability as compared with desflurane. In our study, both emergence time and extubation time were significantly shorter with desflurane as compared with propofol. Early cognition was comparable between two agents.
Maintaining stable hemodynamics is an important aspect of neuroanesthesia. Sympathetic stimulation occurring during tracheal intubation, insertion of skull pins, preparation of nasal passage, insertion of the endoscope, and bony dissection may result in sympathetic stimulation that may be harmful in patients having preexisting cardiovascular compromise. Increased blood pressure may lead to surgical field blood ooze. Due to intraoperative use of additional incremental doses of anesthetics and analgesics for blunting these vasopressor responses, achieving smooth and prompt awakening in such a patient is challenging. 13 We used BIS-guided anesthesia to maintain a uniform depth of anesthesia and used esmolol and ephedrine to maintain MAP within 25% of baseline value. Hence, the intraoperative hemodynamic changes were measured at comparable anesthesia depth. Significant fall in the MAP observed at preintubation may be due to propofol-mediated decrease in systemic vascular resistance and decrease in the cardiac output, when used as an induction agent Desflurane versus Propofol for Resection of Pituitary Tumors Bharadwaj et al.
in both the groups. 14 In our study, after induction, at the time of intubation, nasal packing with adrenaline soaked gauges, sphenoid and sellar dissection, both propofol and desflurane were equally effective in blunting sympathetic stimulation and preventing significant rise in MAP above baseline value. The tendency of MAP to fall below the baseline noted intraoperatively with both drugs can be explained by dose-dependent decrease in the systemic vascular resistance caused by both drugs. 15, 16 However, the episodes of hypertension and hypotension requiring treatment were comparable and the amount of ephedrine and esmolol used in the two groups was also similar. We found MAP to be significantly above the baseline at extubation with desflurane. However, the MAP was better controlled at extubation in the propofol group. In an earlier study, the authors also found better hemodynamic control with propofol as compared with desflurane at extubation in lumbar surgery patients. 17 In our study, patients having tachycardia (26/30 versus 16/30) and bradycardia (9/30 versus 2/30) were more in the desflurane group compared with the propofol group.
In an earlier study, HR was found significantly higher with desflurane as compared with sevoflurane and propofol. 18 We observed HR to be significantly higher above the baseline after intubation, three pin insertion and extubation with both propofol and desflurane. Hence, no advantage was noted with one drug over other in preventing tachycardia. However, desflurane provided the advantage of maintaining lower HR during sphenoid and sellar dissection as compared with propofol. Bradycardia during pituitary tumor removal occurred in two patients, which is likely due to trigeminocardiac reflex. 19 It resolved promptly on the withdrawal of surgical stimulus and none of the patients required administration of atropine. One patient developed ventricular premature contractions on electrocardiography in the desflurane group. In a study comparing arrhythmogenicity of desflurane and isoflurane with submucosally administered epinephrine, desflurane was found to be similar to isofurane. 20 Whether desflurane increases the incidence of arrhythmia as compared with propofol during transnasal transsphenoidal pituitary surgery needs to be studied further.
Prompt awakening allows better protection of airway from aspiration, rapid neurological assessment including visual field testing. 21, 22 Smooth awakening with minimal coughing helps to reduce the risk of postoperative surgical complication such as surgical bleeding and cerebrospinal fluid leakage. 23 Maintaining patent airway is especially essential in acromegalic patients and in patients with Cushing's disease who may have a difficult airway. Quicker emergence and extubation also increase the case turnover and improve resource utilization in operation theaters.
In our study, both emergence time and extubation time were significantly shorter with desflurane as compared with propofol. There are very few studies comparing desflurane and propofol in neurosurgical patients. In a study by Bastola et al, the time to emergence was comparable between desflurane and propofol after elective supratentorial craniotomy. 6 In another study, emergence was faster with propofol when compared with desflurane (9.6 ± 3.3 vs. 4.7 ± 1.3 minutes) after craniotomy for cerebellopontine angle tumor excision. 24 In comparison, we found emergence and tracheal extubation times to be longer in our patients who received propofol, that is, 8.5 and 10 minutes for desflurane, and 15 and 17.5 minutes for propofol, respectively. This difference could be due to reduction in doses of propofol infusion and desflurane at the beginning of dural closure in both of these earlier studies. Endoscopic surgery allows little time to titrate the anesthetic drug doses toward the end of surgery and we switched off anesthetics only at the removal of endoscope by the surgeon. Second, in a difficult airway case such as acromegaly and Cushing's disease, tracheal extubation is done when patient is fully awake and following commands is a norm in our practice. In our study, there were 18 acromegalic patients and 6 patients with Cushing's disease equally distributed between the two groups. In our experience, difficult airway is an important factor influencing extubation time in these patients. While the duration of surgery was comparable in the two groups, duration of anesthesia was slightly longer with propofol.
Early and predictable postoperative cognitive recovery is desirable aspect of postoperative recovery. We found postoperative cognition to be comparable between desflurane and propofol. However, the number of patients with good postoperative cognition at 5 and 10 minutes after extubation was more with desflurane. Comparable postoperative cognition between propofol and desflurane has been observed in previous studies; however, the authors in these studies had titrated the anesthetic depth to hemodynamic changes intraoperatively. 25, 26 We found modified Aldrete score at 5 and 10 minutes to be better with desflurane as compared with propofol. This is in contrast to the findings of another study in which time to recover to Aldrete score > 9 was found to be comparable between propofol and desflurane. 27 The authors had not monitored the anesthesia depth and used hemodynamic changes to titrate propofol and desflurane doses.
Earlier studies have reported incidence of postoperative nausea and vomiting (PONV) to be less with propofol and higher with desflurane. 28, 29 Nitrous oxide is associated with higher incidence of PONV, but we used nitrous oxide in both our groups. In our study, two patients in desflurane group complained of nausea and vomiting requiring additional doses of antiemetics. Our findings are similar to those reported in literature. Though incidence of PONV is higher with desflurane, faster emergence ensures better airway protection and minimizes the risk of aspiration.
To conclude, the hemodynamics and early cognition score were comparable in patients receiving propofol or desflurane. Desflurane provides rapid emergence and recovery when compared with propofol.
